Abstract
in the electrodes of the sensor is essentially due to electrons if the light is injected at the p + side,
39
and due to holes if injected at the n + side.
40
Simulations. In the simulations a uniform doping in the active region of the sensor is assumed,
41
resulting in a linear position dependence of the electric field. Using the field simulated with 42 SYNOPSYS-TCAD [14] which includes realistic doping distributions at the p + n and n + n transi-
43
tions [15] , it has been checked that the current transients for voltages 50 V above the depletion 44 voltage are hardly affected by the electric field distribution at the transitions.
45
Electrons and holes are generated on a grid with 100 nm spacing according to exponentials 
where R l is the response at t = l · ∆t to an initial unit current at t = 0. 100 and 1000 V for IR. It is seen that for all voltages the data are well described by the simulation. of the p + n junction where the charges are generated, and of the n + n transition, which the electrons 100 reach at the higher drift times, may be significant. to the doping density, the so called plasma effect [18, 19] is expected to occur at low bias voltages.
106
The plasma effect is due to the shielding of the sensor field by the counter field of the overlapping 107 electron-hole clouds which results in a delayed charge collection. In the simulations the plasma 108 effect is not included. We note that the measured current transients for voltages between 150 and 109 1000 V are well described by the simulations using the transfer function determined by the method 110 described in the paper from the measurement with 1060 nm laser light at 1000 V.
111
The transfer functions have also been determined for the 100 silicon pad diodes with different Practical aspects of the determination of the transfer function. We conclude the manuscript with 117 a few comments on the experience we made, when we developed the method of determining the 118 transfer function described in this Technical Note. Initially we used a SPICE simulation of detector,
119
cables and readout electronics. Details are given in Ref. [7] , where it is also shown that a number 120 of parasitic elements had to be included in the simulation to achieve an acceptable description of 121 the measurements. However, the results never have been fully satisfactory especially for diodes 122 with a capacitance above full depletion below 10 pF. We then used the method described here and 123 obtained satisfactory results from the beginning. To better understand the method and its possible 124 applications, the following studies have been made.
125
As we do not know, if the current recorded by the oscilloscope is the instantaneous current 126 or the current averaged over the sampling interval, the difference between a simulation using the 127 value at the bin center and the average value has been investigated. Differences were observed at 128 the maxima and minima of the transients, however, they are smaller than 1.5 % of the maximum 129 signal and do not change significantly the results of the analyses.
130
For the Fast-Fourier-Transform of the spline-interpolated measurement I int we included 2 ns 131 of the measurement before the pulse has reached 10 % of the maximum. Additionally, we had to 132 add at least 3 bins (30 ps) which are set to zero at the start of I int . Otherwise, we sometimes 133 experienced oscillations in the transfer function.
134
We have investigated which of our data should be used for obtaining the optimal transfer 135 function. We find that the best overall description of the complete data set is obtained, if the IR 136 measurement at 1000 V is used. Our explanation is that the uncertainties of the simulation are 137 smallest for these conditions. At the n + n and p + n sides, there are shallow non-depleted regions 138 as well as high-field regions from the doping gradients, which have not been taken into account 139 in the simulation. For the red laser a significant fraction of the eh pairs is generated in these 140 regions, whereas for the infrared laser the charges are generated throughout the sensor. In addition, per pulse and averaging 512 pulses, an interpolation of the measurements can give reliable results.
152
We have used a 5th order spline interpolation for obtaining data in 10 ps steps from the measured 153 transients which were recorded in 200 ps steps. Thus, the second necessary condition for a successful 154 application of the proposed method are a high signal-to-noise ratio and sampling steps shorter 155 than the rise time of the transient.
156
Last but not least: the transfer function, which has been determined from a measurement for 157 which the intrinsic detector response could be simulated precisely, can only be used for analyzing 158 data from a sensor with similar parameters, with the capacitance being the most important one. 
